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1 Introduction
E-UCCH is used to convey uplink control information which is multiplexed with E-DCH. Since the decoding error of E-UCCH leads directly to a decoding failure of E-DCH, E-UCCH should be designed with high protection level. But on the other hand, signalling overhead of E-UCCH should also be considered. In this contribution, different coding schemes are compared and a proposed coding scheme for E-UCCH is presented.
2 Coding Scheme Comparison
In [1], it is proposed that E-UCCH is used to convey the following information:

· Transport block size (5 bits)

· Retransmission sequence number (2 bits)

· HARQ process ID (3 bits)

Any error of the three information will lead to a failure for decoding the E-DCH. Thus, all the three information should be designed to the same protection level 

Four different coding schemes are compared below. The schemes are:

1. 1/3 rate convolutional coding
2.  Reed-Muller (32,10)
3. Reed-Muller(48,10) 
4. two Reed-Muller (32,6)  Encoders. One is used to encode TBS, and the other used to encode RSN and HARQ process ID.
 The simulation results are shown in figure 1.
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Figure 1- Coding scheme comparison

From the above two simulation results, it can be seen that RM (48, 10) and two RM (32, 6) are the best, RM (32, 10) is better than 1/3 rate convolutional coding. However, considering the number of bits after coding, two RM (32, 6) scheme is 64 bits, that is two times compared to RM (32, 10). It is thus necessary to compare the performance of two RM (32, 6) coding scheme and the scheme of RM (32, 10) after repeating two times. The simulation results are given below in figure 2. It can be concluded from the results that RM (32, 10) after repeating is better than two RM (32, 6) coding. 
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Figure 2 – Coding scheme comparison, code length=64
Considering both coding performance and code length, RM (48, 10) and RM (32, 10) are better. The performance of one RM (48, 10) is better than one RM (32, 10); however, the code length is 1.5 times compared to RM (32, 10). Similar simulation results as [2] are given in section 3 using RM (32, 10). When the code rate is high, e.g. code rate=0.76, only one E-UCCH is necessary. At this time, RM (32, 10) can provide higher throughput due to the less E-UCCH resource consumption compared to RM (48, 10). When the coding rate is low, one E-UCCH is not enough to guarantee the decoding performance. Multiple instances of E-UCCH are required to improve the decoding performance. E-UCCH performance degradation of RM (32, 10) can be compensated by using more instances of E-UCCH without consuming  more physical resources since the code length is shorter than RM (48,10). It is thus proposed that Reed-Muller (32, 10) is used for E-UCCH coding. 

3 Simulated Performance of E-UCCH
To evaluate the impact of E-UCCH, three Fixed Reference Channels are given in table 1 corresponding to low, medium and high coding rate. The number of E-UCCH is the number of E-UCCH actually multiplexed with the E-DCH. Additional assumptions are shown in table 2. Details on coding and multiplexing of E-DCH can be found in [1].
Table 1- FRC definition

	Fixed Ref Channel
	Block Size
	Time slots
	SF
	Coding rate
	Modulation
	Number of E-UCCH

	FRC1 
	320
	1
	1
	0.286
	QPSK
	6

	FRC2
	1344
	
	
	0.51
	16QAM
	2

	FRC3
	2016
	
	
	0.761
	16QAM
	2


Table 2 – Simulation Assumpiton
	Parameter


	Assumption

	Carrier Frequency
	2 GHz

	Chip rate
	1.28 Mcps

	Numerical precision
	Floating point simulation

	Oversampling 
	4 samples per chip

	RRC Pulse shaping filter 
	Yes

	Receiver 
	MMSE JD receiver

	Channel estimation
	Realistic

	Midamble
	Default midamble

	HARQ Type
	IR combining

	Propagation model
	Pedestrian A at 3 kmph

	Channel Coding
	Turbo code with a Max-log Map algorithm for up to 4 maximum iterations


The E-DCH FRC throughput performance with different number of E-UCCH is compared to the performance with a perfect knowledge of E-UCCH. Figure 3 to Figure 8 compare the FRC throughput results and normalized degradation with an ideal E-UCCH and with realistically decoded E-UCCH. Different numbers of E-UCCH have been considered in the combining. The same criterion as HCR in [2] is adopted. 
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b. Throughput degradation


Figure 3 – FRC1 throughput comparison; PA3
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b. Throughput degradation


Figure 4 – FRC1 throughput comparison; VA30
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Figure 5 – FRC2 throughput comparison; PA 3
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Figure 6 – FRC2 throughput comparison; VA30
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Figure 7 – FRC3 throughput Degradation; PA3
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b. Throughput degradation


Figure 8 – FRC3 throughput Degradation; VA30

4 Conclusion

From the above simulation results, we can conclude that various numbers of E-UCCHs are needed to ensure the E-UCCH’s receiving quality well enough under situations when the channel condition or the coding rate of E-DCH is changed.  And the throughput degradation reduces as the number of E-UCCH used in the combining is increased. The Reed-Muller (32, 10) coding scheme is verified to be capable of efficient operation across different channel types, E-DCH code rates and modulation formats. Six E-UCCHs are needed when the code rate is low, and only one E-UCCH is required when the code rate is high.  Reed-Muller (32, 10) coding scheme is thus proposed to be applied to E-UCCH. It is further proposed that 3-bit E-UCCH Number Indicator is used on E-AGCH to inform the number of E-UCCHs. 
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